Some features of flow and scouring around spur-dike-like structures (or abutments) are discussed based on experiments under clear-water scouring. A simplified analytical model for the prediction of the maximum scour depth around these kinds of structures is developed by considering flow concentration to a restricted region in the scour hole. The model predicts scour depth at sloped-wall as well as at verticalwall abutments, being verified by the available data and previous formulae . Finally, a model constant for flow concentration is identified by the inversion of experimental data , and an interpolated analytical model for the maximum scour depth under low and high tractive forces .
INTRODUCTION
Spur-dike-like structures are the structures extended from the bank towards the transverse direction of a river. As these kinds of structures , there are spur-dikes, groynes, bridge abutments , guide bunds, river closer works, etc. The natural flow is disturbed and intensified locally by the existence of these kinds of structures, and consequently the local scouring occurs until the equilibrium condition attains. In the present study, spur-dike-like structures are called hereafter as abutments for the simplicity of naming.
The maximum scour depth is one of the important factors for the safe and economic design of abutments. The previous prediction methods so far available can be classified into three groups , namely, empirical formulae1),2),3), analytical models4),5),6) , and numerical models7), 8) . Numerical models are most useful for the detailed engineering design, however, being still in developing stages, and take long computational time for each type of river structures and hydraulic conditions.
On the other hand, previous experiments on flow properties around abutments are rather limited as compared to those around bridge piers. However , from flow measurements in the scoured bed at abutments, the strongest concentration of flow near the abutment edge and at the base of the scour hole was found2),9).
The present study is limited to the clear-water (2) Depending parameters The functional relationship of the maximum scour depth (ds) with other factors in the present experiments can be expressed as (1) (a) (b) Fig. 3 Lateral distributions of unit discharge at the vertical-wall abutment and sloped-wall abutment (q: unit discharge at an arbitrary position, qA = the mean unit discharge of approach flow). (b) Lateral distributions of unit discharge Distributions of unit discharge at the initial and final stages along the lateral direction of the vertical-wall (Run V-1) and sloped-wall abutments (Run S-3) are shown in Fig. 3 (a) and (b), respectively. In the final stage, the unit discharge increases in the scour hole region as compared with that in the flat bed condition. The more manifest features of flow concentration can be found in the previous experimental studies2),9).
MODEL DEVELOPMENT
Considering the above experimental features, we developed a simplified model for the maximum scour depth prediction using the continuity relation between the inflow and outflow in the restricted flow concentration region of a scour hole. The schematic cross-sectional view of a scour hole at the sloped-wall abutment is shown in Fig. 4 
For vertical-wall abutments (10)
•\ 625•\ Fig. 7 Comparison of the present model of Eq. (10) with the previous formulae for the maximum scour depth around vertical-wall abutments. Fig. 9 Comparison of Eq. (9) with the observed data of the maximum scour depth around sloped-wall abutments. 
where c2=b tan ƒÓ , and
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